Little data are available to compare the clinical implications of coronary angiography (CAG) or myocardial perfusion imaging (MPI) as an initial evaluation for stable coronary artery disease (CAD). 19.66-29.68; P < 0.001). However, the incidence of the primary endpoint was significantly higher in the CAG group (aHR, 1.26; 95% CI: 1.17-1.36; P < 0.001). The individual endpoints of death (aHR, 1.16; 95% CI: 1.06-1.25; P = 0.001) and myocardial infarction (aHR, 1.95; 95% CI: 1.60-2.36; P < 0.001) were also higher in the CAG group.
INTRODUCTION
Coronary artery disease (CAD) is the leading cause of death (1) . To evaluate CAD, invasive coronary angiography (CAG) has been regarded as the reference standard (2) . However, substantial discrepancies between angiographic anatomical findings and functional severity of stenosis have been noted (2, 3) . Additionally, coronary revascularization without documentation of ischemia using functional tests might lead to increased medical costs and deterioration in clinical prognoses (4) (5) (6) .
Myocardial perfusion imaging (MPI) has been widely used in clinical practice to detect ischemia and assess its severity in patients with CAD (7) . Previous studies showed that MPIguided clinical decision-making might be cost-effective and useful to improve short-and longterm prognoses (7) (8) (9) . However, with recent advances in devices and adjuvant pharmacologic agents, the threshold for an invasive procedure has been reduced and functional evaluations, including MPI, have been underutilized (10,11).
The currently accepted guidelines have advocated for non-invasive functional testing before invasive angiography (2, 12) . However, this has not yet been properly incorporated into clinical practice (11,13). When taking the entire clinical practice into account, there are limited data to compare the clinical implications of anatomic versus functional evaluation as the initial test for stable CAD. Therefore, using claims data of the National Health Insurance (NHI) in South Korea, we sought to assess the clinical outcomes of patients with stable CAD who underwent an initial diagnostic evaluation using either CAG or MPI. system, all healthcare providers had to join this system on a fee-for-service basis. The HIRA is a quasi-governmental organization that systematically reviews medical fees to minimize the risk of redundant and unnecessary medical services. Consequently, all NHI claims are reviewed by the HIRA (14). In this present study, data from 2009-2013 claims records of the HIRA were used.
MATERIALS AND METHODS

Data Sources
Diagnosis codes were used in the International Classification of Diseases, 10th Revision (ICD-10) (15) . Procedures are identified by codes from the HIRA database (14).
Study Population
From the claims database of the HIRA between July 2009 and June 2013, we identified patients aged 18 years and older who had undergone CAG (HA670) or MPI (HC292, HC297, and HC298) for the diagnosis of CAD (ICD-10 codes I20.X-25.X). Patients with at least 6 months of eligibility prior to the index test were selected. Specifically, patients with an index test performed to diagnose acute myocardial infarction (MI) (I21.X-I22.X) or unstable angina (I20.0) were excluded in order to focus on stable CAD. We excluded patients if the HIRA database indicated that they had a history of CAD (ICD-10 codes I20.X-25.X) within 6 months of the index day and if CAG and MPI had been documented on the same day. Additionally, patients were excluded if other diagnostic tests for CAD, such as exercise electrocardiogram (E6543) and coronary computed tomography angiography (HA474), were performed within 3 months of the index day to exclude test-driven procedures. The ICD-10 codes were used to identify comorbid conditions (15, 16) . The Charlson comorbidity index was obtained from the ICD-10 codes (15) .
Clinical Outcomes
The primary endpoint of this study was a composite of all-cause death and MI. We also examined coronary revascularization. In subjects with multiple primary events, the first event was considered to be the component of the composite outcome. Death was identified by all inand out-patient claims that indicated death. MI was defined using the hospital discharge databases of the HIRA (ICD-10 codes I21.X-22.X). Coronary revascularizations in the HIRA database were identified using the procedure codes of percutaneous coronary intervention (M6551, M6552, M6561-4, M6571, and M6572) and coronary artery bypass surgery (O1641, O1642, O1647, OA641, OA642, and OA647) (14). In this current study, to evaluate clinical outcomes, the HIRA database was used until December 2013.
Statistical Analysis
Categorical variables are presented as frequencies and percentages, and continuous variables are expressed as means with the standard deviation. Pearson's chi-square or Fisher's exact test was used for categorical variables, and a t-test (or Mann-Whitney U-test) was used to compare continuous numerical variables, as appropriate.
For clinical outcomes, we calculated the incidence rate per 1000 person-year as the number of cases divided by the 1000 person-year. Confidence intervals (CIs) for these rates were estimated assuming a Poisson distribution. Unadjusted outcomes between two groups were compared using the Cox proportional-hazards models. Then, to reduce the impact of test selection bias and potential confounding factors in an observational study, we performed an adjustment for differences in baseline characteristics of patients using a weighted Cox proportional-hazards regression model with an inverse probability of treatment weighting (IPTW) (17) . Using that technique, the weights for patients undergoing CAG were the inverse of 1-propensity score, and weights for patients receiving MPI were the inverse of the propensity score. The propensity scores were estimated without regard to outcomes by multiple logistic regression analysis. A full non-parsimonious model was developed that included all variables shown in Table 1 . Using the estimated weights, we examined the similarity between the CAG and MPI groups by calculating standardized differences for each of the baseline variables listed in Table 1 . All standardized differences for each of the baseline variables were less than 0.05 (5%) (Supplemental Table 1 ). The results of IPTW were verified by those of propensity score matching and propensity score adjustment methods. The propensity score-matched pairs were created by matching between CAG and MPI subjects on the logit of the propensity score using calipers of width equal to 0.2 of the standard deviation of the logit of the propensity score (18).
Additionally, to reduce possible associations between the use of a diagnostic test and the characteristics of the hospital, we performed a site adjustment using the unique hospital identification number from claims data. For the hospital level adjustment, we analyzed subpopulation data which include only hospitals that could perform both CAG and MPI tests for the diagnosis of stable CAD (Supplemental Table 2 ). In subpopulation analyses, the risks of clinical end points were compared using the weighted Cox regression models with robust standard errors that accounted for the clustering of hospital level.
All reported P values are two-sided. A P value of < 0.05 was considered to indicate statistical significance. Data management and statistical analyses were conducted using SAS ® Version 9.1 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Study Population and Characteristics
A total of 620,512 patients undergoing CAG or MPI between July 2009 and June 2013 were identified from the claims database of HIRA. Among these cases, 137,066 met the eligibility criteria and were selected as the study population. Patients were divided into CAG (n = 117,134) and MPI (n = 19,932) groups (Fig. 1) . Table 1 Table 2 ).
Increased Coronary Revascularization in the CAG Group Is Not Associated with Better
Clinical Outcomes.
During the follow-up period (median, 2.4 years; interquartile range, 1.5-3.5), 6,080 (4.4%) events of the primary end point occurred, including 4,944 (3.6%) deaths and 1,401 (1.0%) MIs.
Coronary revascularization was performed in 15,096 (11.0%) patients (15,050 [11.0%] percutaneous coronary interventions and 49 [0.04%] coronary artery bypass surgeries). There was no significant difference between the CAG and MPI groups in the unadjusted incidence of the primary endpoint. However, among the primary endpoints, the unadjusted incidence of allcause death was significantly lower in the CAG group, but the unadjusted incidence of MI was significantly higher in the CAG group (Table 3) .
After adjustments to the weighted Cox proportional-hazards regression models with the IPTW method, coronary revascularization was significantly greater in the CAG group. However, the adjusted incidence of the primary endpoint was significantly higher in the CAG group. The individual endpoints of death and MI were also higher in the CAG group (Table 3 ). Fig. 2 shows the cumulative incidence rates for adjusted all-cause death with and without MI between two groups. Additionally, even after we incorporated a site adjustment using the unique hospital identification number, the unfavorable pattern of adjusted all (adjusted hazard ratio [aHR] of CAG, 1.26; 95% CI: 1.16-1.36; P < 0.001) and individual (death; aHR, 1.19; 95% CI: 1.09-1.29; P < 0.001 and MI; aHR, 1.81; 95% CI: 1.49-2.20; P < 0.001) incidences was unchanged in the CAG group (Supplemental Table 3 ). The results of propensity score matching and propensity score adjustment methods were also favorable to the MPI group (Supplemental Table 4 ).
DISCUSSION
In the present analysis of NHI claims data for South Korea, our main findings were as follows: 1) between 2009 and 2013, a substantial increase in CAG utilization rates was observed, but MPI utilization rates steadily decreased; 2) although coronary revascularization was more frequently performed in the CAG group, the use of CAG was associated with a greater risk of all causes of death and/or MI than was the use of MPI, even after adjusting for potentially confounding variables.
There are few data available to guide decision making regarding the use of an initial test for a stable CAD (19) . There is still a lack of evidence regarding which diagnostic modality for stable CAD improves clinical outcomes. In several previous reports, the initial diagnostic test with MPI showed a favorable clinical outcome, but those studies analyzed limited populations (19, 20) . Additionally, because of relatively low hard clinical event rates in patients with stable CAD, they are insufficient to determine the relationship between an initial diagnostic test and hard clinical events, such as death and MI. Therefore, considering the nationwide situation in clinical practices, this present study was designed. Well-controlled and reliable data from the HIRA database in Korea (i.e., a quasi-governmental organization) enabled qualified analyses of clinical outcomes after the initial analysis for stable CAD (14).
The present study showed a significant increase (39%) in the annual rate of CAG in South Korea between 2009 and 2013. However, a substantial reduction (41%) in the rate of MPI with a roughly linear trend was noted during the same period. Similar to previous studies (11,21), our study also demonstrated that most patients with stable CAD did not have the documentation of ischemia by noninvasive testing prior to an invasive procedure. Additionally, although an increase in the number of CAG-providing hospitals was observed throughout the 4-year period, there was no significant change in the number of MPI-providing hospitals. This trend suggests a sizeable shift in clinical practice patterns away from non-invasive functional tests towards invasive procedures. In the guidelines, non-invasive functional tests are recommended to confirm the diagnosis of CAD, to document ischemia in patients with stable symptoms, and to stratify the risk of patients with stable angina prior to an invasive test (2,12). However, our study showed the existence of a considerable gap between the guidelines and real clinical practice. An even more important finding was that the difference increased as time passed. Since previous and our studies demonstrated that the adherence to guidelines improve clinical outcomes in patients with CAD (22,23), further implementation of established guidelines is needed.
Historically, most studies of revascularization have been based on and reported according to angiographic criteria (12). However, previous studies with MPI showed that angiographic stenosis is not equivalent to functionally significant stenosis (24, 25) . A recent study with an assessment of fractional flow reserves also showed that CAG is not always accurate for assessing the functional significance of a coronary stenosis, regardless of the angiographic severity (3).
Unnecessary revascularization can lead to increased costs, radiation exposure, and procedural complications without clinical benefits (4, 5) . In our present study, the CAG group underwent more coronary revascularization. Notably, the increase of coronary revascularization in the CAG group was not associated with improvements in primary endpoints, such as all-cause death and MI. Potentially, coronary revascularization in the CAG group might have been performed in patients who would not have clinically benefited from the procedure. Therefore, based on these findings, CAG should be carefully selected as an initial diagnostic modality for patients with stable CAD.
For patients with stable CAD, the role of prompt coronary revascularization has been a controversial issue (2, 12) . In the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation trial, routine revascularization to optimize medical therapy did not reduce the long-term rates of death or nonfatal MI (26) . However, in the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation nuclear substudy, adding revascularization to medical therapy resulted in a greater reduction in inducible ischemia, particularly if baseline ischemia was moderate to severe (≥10%). Patients with a significant reduction in myocardial ischemia (≥5%) had lower risk for death or MI (27) . Moreover, in previous studies, stress testing prior to cardiac catheterization has been associated with lower medical costs and rates of revascularization without adverse effects on cardiac death or MI (19, 21) . The guidelines, accordingly, support a strategy of ischemia-guided revascularization for the treatment of patients with stable CAD (2,12). These findings highlight the pivotal role for a functional evaluation in distinguishing patients who require coronary revascularization from those with stable CAD (28) .
In the present study, the unadjusted incidence of all-cause death was significantly higher in the MPI group. This finding might be partly attributable to the characteristics of patients in the MPI group, as they were older and had more comorbidities than those in the CAG group. This finding also implies that CAG was performed for relatively healthy patients with preferable physical conditions. However, after adjustments with possible confounding variables, an opposite result was obtained. Additionally, the unfavorable incidence rates of MI were maintained in patients undergoing CAG, irrespective of statistical adjustments. One possible explanation for these findings is that the initial test with CAG might lead to an unnecessary procedure, which could increase the risk of procedure-related complications, such as bleeding, renal dysfunction, in-stent restenosis, stent thrombosis, MI, stroke, or death. Therefore, to improve the prognosis of patients by avoiding unnecessary procedure-related complications, this function-guided strategy should be applied to evaluate stable CAD.
Our study had several limitations. First, our analysis was based on administrative data from the HIRA in South Korea. Similar to previous studies using administrative databases, we had no clinical data regarding the symptoms or test findings of patients. Thus, our results might be limited by uncertainties in patient selection and unmeasured confounding variables that may affect patient's management (11,16). Second, although we used a database from a quasigovernmental organization, there was a possibility that these data did not fully reflect patient outcomes. Additionally, we did not specify the cause of death. Third, our study did not consider other diagnostic tests, such as positron emission tomography scanning, magnetic resonance imaging, stress echocardiography, or fractional flow reserve. However, considering the limited applicability and relatively high cost of these diagnostic tests in South Korea during the study period, they would not have changed our overall findings. Finally, our study only included a Korean population. Therefore, it might not be possible to generalize our practice pattern and findings on the clinical impact of an initial test to other countries. Nonetheless, the underutilization of stress testing, as indicated by large registry studies from the United States (11,21,29), indicates that our results might be widely applicable to everyday practice.
CONCLUSION
From an analysis using the NHI claims data in South Korea, the rate of CAG significantly increased between 2009 and 2013, but there was a substantial reduction in the MPI rate.
Coronary revascularization was significantly higher with the use of CAG as the initial test compared with the use of MPI. However, patients with stable CAD undergoing CAG were associated with a higher risk of all causes of death and/or MI than those undergoing MPI. Charlson comorbidity index 1.5 ± 1.8 2.0 ± 2.2 < 0.001 Data are expressed as n (%) and mean ± SD. CAG = coronary angiography; MPI = myocardial perfusion imaging. Incidence rate per 1000 person-year CAG = coronary angiography; CI = confidence interval; IPTW = inverse probability of treatment weighting; MPI = myocardial perfusion imaging.
